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foil disclosure « *Ich i. °" ™' 2 ' **• 

Inhalation. ' " "'"Pautlo by 

objsotiv, 0 r»; K o«J.tt of huB " i — hM - 

iabalar (NDI) Za2 r!l. "*°»a"«nt-drlven stored dose 

eacb .ct^tion.^Ctes. ^iT **" " ""^ ^ n 
» Medicines, only a ^n lTZl Z "* °'" U1 £or — » 

rg e We, the ZL.^Z 7^ T ^ ^ 
Of tbe propellent,, ceo... mc b1 f 2! * V>POrrt1 '"' 
stick to tbe beck of .k . "ediclne to ispect and 

» ~«tee . loe.1tnLt.ttr,; Jn'' '"^ 

.^iio^d."^ ^T^rtr r ch ia 

« "bot .pot- ,« c „ ^ Ioo ,t^lot ^""* 18 -*»- 
developaent ot funo.1 w^, " n ° Un °- ,u »«-«aion and tbe 
ar=ncc411«o„, f oTL^n" t *°"*°'^°*>- Mth 

» - ~d syet^ctdT^et sTsT^ ~ ""^ 
tachycardia. tremor and 

•ctlv.tiontd'lnhtatZ 1 ™-'' de5ree coor,ii " a "»» betw„„ 

fab. ^iuiyt^ •js^srr.r^' ° f 

« effort to overcc m .T, I, I *™ el,terl i'- *> 

others beve interpo^Z: ^C:: 1 ^ tati °" S ? HM,S ' 
and the p.tient. xne JZ£~ oonventional »I 

provide .rtr. vol„« to .u„ t £f*™ !* »— • to 

droplet eveporrtion prior to inb.l.tL^" 5 '" 1 P"** 11 ™' 
velocity .nd Upect of tbe " °" 

■eaiclne et tbe beck of tbe tbroat. 
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Although spacers do compensate for some of the inadequacies in 
the conventional MDI, it has been found that much of the 
medicine that may have ordinarily been deposited on the throat 

"mains in the spacer and the total dose deposited in the lungs 
< a*U. It has been found that only approximately 8% of the 

medicine reaches the interior of the lung with conventional 

MM s. Approximately 13% of the medicine reaches the lung when 

it is equipped with a spacer. 

in .* - vorJcers in toe «rt have attempted to provide a 

L hT ° f 0 * U8 ^ <** Powder inhalers (DPI,. 

Such devices normally rely on a burst of inspired air that is 

rirr* un±t - However ' ***** ■» 

in that the force of inspiration varies considerably from 
person to person. Some patients are unable to generate 
15 -"icient flow to activate the unit. OPI's have many of the 
disadvantages of HDL s in that a large percentage of the 

l^TT deP ° 8lted * ^ beCause «* -complete 

particle dispersion and the impact at the rear of the throat. 

20 Z°dt rT 8126 mi ' a DPI ' S « ^ -venient they 
20 have disadvantages some of which are cited above. 

Other workers in the art have refined aqueous 
negation delivery systems. Although such systems require a 

ZT^r C0apreS60r ' less portable than the 

MDI s and the DPI's, many nebulizers provide a low velocity 
25 aerosol which can be slowly and deeply inhaled into the lungs 
Precision of dosage delivery, however, remains a serious 
Problem and it is difficult to determine how much medicament 

££HT^ reC6lVed - M ° St nebuliz ~* operate continuously 
30 nl ^ eXhalati0n ' dosage is dependent on the 

30 number and duration of each breath. In addition to breath 
frequency and duration, the flow rate, i.e., the strength of 
the breath that is taken from a nebulizer can effect thT 
particle size of the dose inhaled. «, patient's inhalation 
acts as a vacuum pump that reduces the pressure in the 

o^Lr; A Str ° ng breath ~ lar *« -wanted particles 

hi wiT^ ° f nebUliZW - A Weak ~ on L other 
band, will draw Sufficient medicant from the nebulizer 
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into tee.^ cwT.r^ " 1Xln9 * a »'»"*- »-K«t 
•Wto, by Edgar Tal ^ °* " C "^' * «" 

connected to . J£ « 

<*• patimt duri™ . J!" *• *"™* "hUizad «t«i.l. to 

" nabooil^ aatariai deliver J • >U "" ma - «*. "»uat of 
•Uniricantly. contr jl^ ."^ brMth «" 
^"cation or Cr« .7 IT*" ^ d ° S ^- * a 

*■ M»4 to ocenr dorW Jo ^, **" Ch " b « »lth aero*,! 
» «•«. .o that th. ^tt !? Ph *" ° f th « "-thin, 

^r^l"^ thrown too devico ' 
ftient ^inuto a conatMtw'l^'T' r " Uir " the 
« ont or th. device, ^ JT**" """"^ *"*.rn Into 
conta.lo.to th. device 21 *»»«i™t and c„ 

—sol lo tt . chJoar oo 

— * to «— to obtain. IT , " " brM tho or .or. 
9» don »«Ucation. 

• - Produce ^'^t:- ^Pr^ind^. 

delivery devic. h. „ °' a ^ «™S within th. 

-tatantiauy all C^LllT i »' 
<*ould be aeroaon^ a^ " ' " ltW » th. d.vice 

' -ithin th. dovic. „ r.t.2 40 WUMt «thoot lose 

condition, which P^rSl^ 1 ™** to °" «»ti«t under 

P"ti="»or, proflnT, otlliaauon. i„ 

' P ro tei.n drugs should be ^ ^ ^ , 

nouid be coapietely dispersed into 
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is preferentially delivered to the alveolar region of the 
lungs The amount of protein drug delivered to the patient in 
each breath must also be precisely measured so that the total 
dosage of drug can be accurately controlled. Finally, it will 

aLt r",: 0 Permit ^ - concenLted 

aerosols of the protein drug so that the number of breaths 
required for a given dosage can be reduced, thus increasing 
accuracy and reducing the total time required for 
10 administration. 

*" BSggiBfclflB of ±h* —ffftarmn* ij* 

tv»« rtf „ ""'* PatSnt N ° S * 4 ' 926 ' 852 ■«« ^790,305, describe a 
type of "spacer- for use vith a metered dose inhaler. The 

Z17^T< in&B 3 large Cyllndrical wnich receives an 

ZT T:T. bUrSt ° f ^ fr °° 8 P^-t-driven drug 
•852 L Li 5 '° 27 ' 806 ' 18 8n ^"vement over L 

rLeivf Pat6ntS ' ^ 8 COnlcal boding chamber which 

describes a nebulizer connected to a mixing chamber to ^ fl 

3 4 7 ; 9 des^Li d ^ P * tent application 

" ' I 9 deSCrlhe8 M ^dable spacer for a metered dose 

tesTLTTZ* ° ne ' Way VSlVe °" ^ -thpiece. wo 90/07351 
describes a dry powder oral inhaler having a pressured gas 
-urce (a piston pump, which draws a measured amount of powder 
mto a venturi arrangement. * 

BPMMMY ov gat TTmiTH 

for nr Bdu T* * nnati °° *«*hods and apparatus 

for producing an aerosolized dose of a medicament for 
subsequent inhalation by a patient. The method comprises first 
dispersing a preselected amount of the medicament!! a 

Z fZZT V ° 1Uae ° f 98S ' ~ ^ ™* dispersion may 

^ouTa ffV. UqUid ' ^ eXample * ln *<**ns - air stream 
through a liquid reservoir of the drug, or from a dry powder 

f« example by drawing the powder into a flowing air^l 

iTpresentT" T* " ~ " ^ "ozzle. 
ZliZ T r^ 10 " reUeS ° n flwin * substantially the 
entire aerosolized dose into a chamber which is initially 
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-nation. «,c^ T ™T **• *• chMb « — 

with tb. .er^i^t^i , dl ° pla «»" t <" th. , lr 

Mt « i « 1 "Win, the cha^ ri 

suspended within u. , 1 roaoin aerosolized and 

*^e„t^L 0 "" '"^ '""able for 

» —P. fro. £ cna^ L"?"', ™^ -.rial VU1 
"ricient diepxae^f^ * 
«*i.ved by proper dMi J " *J» 

"ter the .«!„, " '"""•"'er, «» dl.cue.ed below, 
to Caeoer, 1 Z '^t'TT *" ^ *— «- 
15 °i"<Tle breath. Usually th. " , ° '" ,tir * do " ln « 

- 1r ite^^t "T 01 ^ 
lee. then an sver D , t . C °" M,er vlu be subetantlally 

inhale the entire JL ^ f Wy ' """e" <=» 
» eontinue in the el . or e ,TL " »«— * * the dc end 

P««. throoon tl tanLr t. lit *" 
•edicent furthw *»" belpe drive the 

Conveniently, the etZ « alVe0lar "» l0 » « «*• lun,,. 

25 repeated a. w t w" < * Mb « r co " t ' u *. »"Y be 

Apparatus according *v 
*>th • dispersion device roTa^^.T" 5 "' i ™ mtlm ^le. 
either fro. . u<rald " " Mr °*°il*ing the aedica-ent, 

'• «U— t, J e^oefn T" of tb. 

-thpiece ,or rLtCthT.^ " ^ ^ ~ 
"spersion device. ^onXTlT T"™ '™ "» 
tbe dieperelon device i„ Jl^ * """ected to 

.adicenent will „„ toto the IZL^ °" """""'ed 
' tbe interna! air voluwe, ae ""'^ displace 

cta » b «- »i" be at lMst „ TZ \ VOlMM « the 

voln« of eercoiiaed eedica^t t o ,» ° ""^ 
dispersion device. Osuall/TT ! trM,f « rr ed fro. the 

°«auy, the cheater vein., win b . 
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the aerosol voluse ta orter to ^ 

5 +r> -yen * w*»uaxiy ob in the range from so ml 

fro. 10 .1 to 200 .1 wto, dispersion davlca 
dl ' ParSOr ' " in »ore det.ll below. In om^tl 

eff icient fim*. the chafer wiU prefe^oTdexine 
» internel flow path so that the enter!*, aerosolis* 
10 sedicenent will ,. U ow the path and displace air withl the 

which acts to entrap a hich velocity aerosol, particularly 
„ th ° M — ««*- with dry powder dispersions. * 
In a preferred aspect, the chamber is oenerallw 
cyUndrtcel end is connoted to the dispersion de^c. L , 
tsowentieuy disposed aerosol inlet port located It on.^ or 
the cylinder The mouthpiece is t-h<™ i d f 

*rs* ~* a.w . u "*Piece is then located at the opposite 

«T the inC " if™ TT Path 

ambient air ims,- * It chamber. By also providing an 
anient air inlet at the same end of the cylindrical chamber 

ZlT r flrSt and thereaft^T' 

breath m substantial amounts of M»b,w r 

25 interior of the chamber tTelfile^T 

n ^ «iooejr to efficiently remove substantially an 

aerosoU 2 ed medicament present and help drive the me^il™ «■ 
further into the patient's lungs. medicament 

of the ,h "l^T" Preferred aS P ert8 ' the ambient air inlet 

cyl^e? "™ °' " ™ Hp- tub. or conlcsl 

cylindsr within the interior of the chaeber, to restrict 

In an alternate preferred aspect, the chn.hs.i- < B 
— I* cyilndrical with an ^.UyZ^^^ 
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ZZZr ZZYr is looatad « «- 

P»a„ 9 . or tte - *> P- Mt direct 

i^"*"* *■*« "« heen efficient* 
*■»• with . conc.rL'1 , Prefera>11 ' "°««t*ori=»l in 
*ch . oo„ strurtlon \7^ C'^T^ ^ tol«. 
l»ltl.u y contain!*, dryoL ^ """"tely ue.fm ln 
10 ^troducd Mi „ . ti^.TT di6P ' raio "« are oft„ 

gas streaa. 

Port dlspceea tte ^ ^TT"' 1 —* Wet 

totem,! „,„,.. ™" ««o»ol Inlet a* 

Patient i. abu to „ t ?,.™* 1 "» th " l " h ~uthpi«., u,. 
" «** «1U evee P t^^V' " 0rt1 " 1 «~ •' air 
"""-A the nouthplece 8610801 »"* — «-«. ana 

In yet another aspect at *-k« 
•Pl-rata. for protein, " f »«— * Wtai. to. 

uprise, toe dieper.J, device "l"' " * — «— ' 
! » PreaanriMd „„ b, th „ I, " MM ,or O'Uvorlns 

- » control ^TT'^^ *" ~-« — », 

f Prodnce the aeairea ""pernlnc **vi« i» order 

«« ««ee to to. chanher L°T7 * — -Oliver 

-"tenia, tt. J** oo^Pr«eor or «„, for 

«W*r. ee veu a .L , « P«« "riaea 

«-e nnnher o f aoee, C ° ,BU »» «* «-H«J« 

P«tio«l« period of u« st "* 0lUabtt ""i", . 
tocluae . nioroprocessor J ^ """roller nav 

nicrcproceasoT " inputtin, inf otMc i on 

aolenoid valve, on e .« * V ° 1Ve ' M oh ,s a 

7 *» on ana off J"^^^^ - «~ 
« ueliverea to the die^,™ . ITT^ °< 
h.W apparatto, controls P ° tt * M * 

or «chani„ that acteate. .'"V^f * ' hntton 

•Prinj or air plston ^ 
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propellents LeT °T " ° C 

:£ 1 % Pmi " (1 » « — to . 

5 are P.rt 1 c^n«e«L U ': T™*" ° £ P " 5 *" t «™ 
«* " Poly^L , high vUue drugs, 

device provider Koret "«' the aethod and 

10 th. doaL/wnLl, — — * - silvery of 

eeuipeenr ^! ll K,,,l0yl,,S, M1 »tively «taplo and reliable 

oontroui™ « . ' *U«™d, either by 

«v 1C e or the present invention Demit ...,< 
reletively concentrate dose, of 2T"Z "* " 

"duo. the ^t or tLrL ^ edlC **' nt 11 °«« t° 
the delivery „Te rotai d " breathS """^ '« 

When ueinTL J< ' "* Particularly 

^ ng ory powder nedicMent f emulations. 

invenuon, * * """"^-ti. view of the 
holdin, ohX; ^ 1 di ° 9r ™ atlC tionai viev of a 

f2' 4 £ aia5ra " Mti ' ! «~ * the holding chafer; 
Pig. 3; cross-section along the line ,- 4 of 

Fig. „ P1 *' 5 13 3 CrOM - s ««i™ ion, the li™ 5 . 5 ot 
^ of o^attn" Z dl " 5rMMtl ° - 

~ disosrsln, ™ ""^ *"* ^ * 

conetruILT *""<=""»* formulations when used 1„ 

pr«eut iZn^T 18 aCCOrda " M *»• ^1P1« of the 

vhloh say L^'L 1 i 11 """ 10 WiMS 

Preaent LventZ " r0S01 aystsns of the 
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Mologicelly .cMvell? Wl< * r ° f drums, 
"» a. present Zv.„M ?" Very ° f °» — J— or 

"* Polypeptides, .„™r" Md drn « s ' mo " « Protein. 

« Wet c. Mm . emClwt d * av «y «■ loss „. 

° c«pri.. 2'rlnllTjllT' """"" tevTOttM «-"y 

• -tare, volume ^7^' * *- P-uoLa 

•eroeol bole. froB ol"« a 1"!^^ «" •—*!«» •» 
**« contain the medlcemJL ?L T * P ~ d * r ' a "«"ol r 
e«lole»«y capture. thT " ° 1 ' Un ' «»t 

— «. - perttri t aerOS ° l to "^1- the 

effectively diatrlij... L MP iM P lr " 1 °". tber.by 

ot * VS^""^ «*~ ■ Prelect* 
■ eoelc velocity Zt T^Z^T " "* U — «° 

i» reouired to ef f lct antlv ... ' " tt * P re » TO rlred gee 

- P^er prooeoW retoeTL'vf 1 * " ^ ^ 

Preeminently lta J" " °*° h,yll, » P«"cles that are 

o' the gas borne must be 1^ ** Utim ' *>»> volume 

*-W»tmry volume, Pretar""^ ' C " Cti °" °* ' 

9». sources include, "° *° 750 «• Suitable 

1) en eir co^^sor ¥lth , 

operetino period of control the 

eompri.es aTlIl " fT""" °» «■« 
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4 ) a spring piston pump; and 

5 ) a pneumatic pump. 

■ *.* now to "ZTTTiZl ^ prod ° =M a "** 

•goloaerotee ™ ^ * P°«<«r 

wST^CTr' I,,ve,,tio,, io 

rates rr^T '1 *" OP "" a » 1U > 

10 nebuii 2er . The Dr ftso J « f Zl " geoBetr Y of the 

order to »™*, delivered to the nebulizer in 

» the ^ ^™,'""' Wr ' *«*«o vol- « 
»1.X «ndZ i\ ^ "eileMe froB 

™»turl ejector. thown J „ " " * »• »«* . 

; ^* of powder miier is tl» t « *" a "™<=»^ of tile 

only , erection oHhf T , "** t,u ™*> <*= is 
Tbi. reduced Z .if "* llrfl0 " ventori. 

,.a fort^reL^r^ "° ^ « 

(typicaily 0.01 to t .ILT t V 

s»all diameter nozzle i ^ 6 reserv oir. a 

-° ^ ..ou Ci. p^rt r is acceptaiie - 

aocepte.ie duretios of tT! ^ ^ * . 
exceed!*, 15 psi, with . vole,. 0 , J 8 1 " J™""" 
o. coeteined i„ . ^ " -U esou*. to 



WO 93/00951 

u PCT/US92/0562I 

Principle, of tnl a i„v.„jT ' ra * ,te »lt* the 

in tto t or B «?.,ir *" erW 101 • oontrolUr, 

or "Situ controll«r, M ilTT °' ™ '^"l 

"PPlytas pre.el.cted „» v "1 MMS ls ^ovlded for 

The -oroprcl^^. —« * 
•IcrooontroUer unit (MC0 , L" 1S ' 9en6ral P"*Po»o 

««- Kod.l miaber ^.t^h * *' t ° I ° 1 > "«» 

opablliti.. end to. o n -bo.J <,n " Chli ' "WW 

P«lPher.l cpebUlty of IThT"^ ^ 3 °' »» —Wp 

*wa 13 vie an. ». 0,8 ^ *U fro. the 

« -tm port. and ltB £V* «^"<»=Bor is to. , plmn 
understood ee th» *»»otloiii^ .111 be »or. fullv 7 

016 component, of tho l nv .-n 
Keyped u tos .w .* ~° InvM,tl »n dtocrlbed. 
» PTfortonce, nn,^, „ a " f ^ <*» •» inportent to 

TO lu» or anount of eeeb' ' I3e ™* «f . rae 

-trolly tto -oe. i. .elected by 

p»».in, the . PUff alM „ brtC'jrT" " ** *— 4 " * 

Prosrened so ttot . f w * lwyi, * J " 

outton .in select tb. dtolred Mdltl0M1 trial*,, of tto 
<»*to» Mb le prMsea * "*>« counter ectuator- 

» «cond pr MS o, U b J^^T, ^ ™ " "«»'• 
"ctprt line 38 (or a "* tte alr coaprewor 22 vie 

30 *" « ot a JllenT™;"^ 

* "111 chenge fro. oo to 01 and t»^ *" 

«<* addition.! artlJuoT., ' i " Cr "' ! « * one 

• U1 ~e '"ivatln, t tt CMPrM, ° r - "««* 
P".eritod M« of pj,. bUtt °" the 

35 — >* «. oecorrl^, ^ ^JT. *T **** ** 

■onory 30. tlTO ""^ """ott ». etored In 

^r/^r « - -vine, a 

pressed which causes LCD 32 to 
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acroll J^t£n 0,0 Patt<i " t,a Wtory. Reversal of 

« then ccntX to '^r 1 ^ " PreMl1 " tatt °" »< - 
««*/cale»^r ta tT Pr ^ bUtt0 " 18 4 

» to displa^T^ . ' th * bUttM the LCD 

u«d *JI IIT° „™ •« "t.r the device 1. 

10 diepl. y tt . .crlT« after "»> 1"" puff to 

a.vL i. . T?. - *»• *» ".play. Thue, th. 

the u Se : nd stt^t" i " ,b " ■* 10 ,ctuai m ° - ^ 

l r d "!° r **" » *» ^ »y presalng 13 .. 

5 other type or^L , • nebUll2ar ' " Powder dispenser or 
type of nebuluer known to the Drier art » 
Is b inr dow,w j, prior art. Hhen unit 40 

— . desieeant filter 41. ^^. t ° "^'o^ "Iter 41 
P«ticl. filter 21 1 "" it " " " ->»•"*«. a 

' the o^pr J^oTto "L ^ at tta » of 

Preferehly he in £ forT, " "" l 

bavin, » aeroa^l/eTet'r" P ' r : IOUlate ' ^ 
1. *no«. that particle. „ Tai^r! > " *° * " 
Evened to the aiveoiar rZll ll Z'lZ ^ '"^ 

inustrateTiT^T ^ ^ ~ ™»» » '» 

p-t 202 .hie: :i ei „ Tinitrr: 18 200 inciudM a ■** 

*. typically a IvoomT • ^ ° f P0Wd * r ""ioaeent 

^ roe p^Id ~ biflh velocity gas .tree, win 
provided hy TZZZTj? " ^ Plema 21 °' *** -T * 
~ oylinder ^T^^T T " W " " « » a * - 
•b or gas scree, will orT^' " * the 

■Uspereien chaTr ^ utr.T f^" CO » t1 ™^ th. 

204 vh«e ajglowates of the powder are 
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br ° ken lnt ° smaller sizes within i-h« 

In any event, unit 40 i« ^ ****** 

— ■*. referred to ~ oo^essor 22. m „ 

-lit, tA£^C^^~ 13 the 

« I"'" the dMaber 42 vithoe! v ° a ' Knt ftOT «i*«r 

*-* the Muthp J. 2 10=, „ MleMM 

»• «lni.i*ed bo that ,t Li ^ Ch ' mb<,r - *"* lo «« «1U 
» «olc«e„t deliver* to \ " % * ,eiSht * «*• 

transferr*. Preferebly , t 1° "* ""^ Voll »« "« W 
■» deeirable Blnoe tta " •*»* 70*. s^c, lov losSM 

» Introduced into the ^r ^ ^ T ^ *** - 
P"««nt is lncteaeed . ^on^i « in«=h breath by , 
vlued are.., sucn „ P Xi„ s .„?' 7" 1o "« - hi*, 

.lgnifi«nt over tUa ^T.™ 1 can baco« 

» "ocentr.ted aerosol dia^ln^ ? """^ to °*»ver . 

»ith each breath, such hi T "olivered to the patient 

necessary to deliver a prescribe" 01!aber « °«aths 

' Ibcreaein, the total J2Tl t t i. ,° C «- 

Of eeroso^ed T ,0r °» ^.teent. 

"Inking bethel ttl ^ °" ** redu oed by 

^Placed air M "JTSZ^.TSS^ IT ^ - 

the .eroaol transferred froTtK ""^ 
the di.pi. cod alr wimn ^ 43 ""^ «• « 

the aerosol into the ch»her " " T" of 

Particularly preferred 
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«ser that a i^? 0 """" " Signal 52 Wil1 alert the 

aerosoL^T, ^ At tWs point 111 the 

aiding chamber 42 the medicament is inhaled by the nstiL , 
a conduit 45 thi-r.i,„K . , D * 1:116 patient via 

the compressor sound win also ' cess »tion of 

formation is * ^ the patlent that bolus 

15 bolus and le mwot' ™ S °«^* "peated for each 
instance of BiCr ° PrOCessor « count and record each 

boluses h *— adaini ^red. a e number of 

soiuses, their hour and date and their size (tin* , 

use) , ^ recorded b4 . w . J r Slze < t:une f compressor 

20 display on £?LJT « """^ * 3 «- 
y n Leo 32 by pressing dosage history button 13c 

best si»on < emb ° diDent ° £ aeros <* aiding chamber 42 is 

Z£?£L? ZTIUT: stub flttln * 60 at «- 

iataJce stub «. ~. s „„, 58 .** ™ ■"■"■spheric 

connects „£j JT« 
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f « • »« period. M * ^""V *■» I- not used 

5 — "a .i r ^"^1^ M ">° a laposad 

<W»*tal body loj 1"' T*** 100 lB 8 • 
■» ta^tia! L„l" ' ^T tial ""^ •»»•* port W4 . 

«~ Pattern, „ " te — . . vortical 

•eroaol via dlsplace ^ * 10< - ■» "try = t the 

«.Mb.r ioo win to orlentlT, I. n0t neoas "«"y, the 
"0 (typl c ,, lv 7? 801 ""^ entered the 

trough anient air inlet 108 ' 1» anient elr 

•eroeolired «d ioMMllt . ™* the oh^ 

of the 

im * «-«y valve, sucn M , ^ 110 1U uaualiy 
lUu.tr.tad, m orde to pr .° t ? P " dIaphr ^ valv. (not 
■ iatroduoad through port " '"^ °° aerosol 

Chamber 120 in pi 
«=ept that an Inlet tube Jj IJlf?" ChMbSr "">■ 
iterlor. ,or»lng . vortica o.^" ^ 
«**«d about the inlet tub. u, ^ As *f u "* «« «. 
' Patient lnh.i es t^ *» penat entry of air .. the 

is alnll.r to Inlet 104 iTSf 7 *"" ent *" ^ «• 

142 « tenge«l.i aoutbpl^ " '""""".l aeroaoi Inlat 

•edieaaent will ,„ t „ ' " 144 • IhM ' eero.oli.ed 
eorl.ont.Uv . ~ »* and nove 

•m tend to drop 1" .v!T ot " 2* °" — * 

61 ot te» -outhpieee 144 „ ttey 
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cross the chamber <rc™ e , 

«ttpl«Zw u TlL^T °' throu*, the 

Provided to p^ ta £ ^ »« is 

the ^thpieTu, . ° S ^ P " lent < nSal< * tteo >W 

mu.tr.tM in Pi"' Hf " ~ «" "0 in 7 . i. 
-luteined wltt £ ^ * **- * U1 * 

» *nd. The C»*„ "7 ™. """.* «4 ,t ite upper 

its ope, or =el ve " l6 or 1 " -isphericu. with 

inlet 152. T>rZrT . *»°»»«<ly to™« .erosol 

HI redirect the initial ,^ ? pr "«"« "ince it 

-i*t also fl „d us.* witTtl T^' C ° ne *' and 

de. l9n *c tTp^rjrrrr ^ ^ 

»ne within the chaaber. containnent 

through the mouthpiece is/T \ WlU lnhale 

ambient air inlet isT I T ? a " blent air ^ tteou *> 

Prevents the initiaX loe^ ^enTas " ^ 
enters through the inlet i» 8 aero *°lised dose 

- * mj.ec 152. The ambient air <r+,~±. «~ , 

ersposed tengentiauy on the ch^ber " 0 ' , "° " 

•ir through the inlet =. ' ""^ 01 ««hiant 

HO which will L u " " * V ° rtiMl '» Illustrated in « g . 

he curled upwardTL^Llowt «* 

— - pariph^t ^iTr^r re,ion 162 

of the chamber iso. tte xnter ior wall 
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to ^tzt: r:r of 

than th. ch^ber voluTtTT "f a " ri ""> 11 "* —i««mt 

5 baffle 156 can . rt an . „ * *• "alley, that the 

-iU—i particle. 1„ °° no ™ tot ".- »"cn contains the 

eventration is schist T, " ^ 
Mroaoiized particle I 1 ths 

■oathpiec. by int^J^ to th. 

raa-y ths ZZ?Z?2J£j^ " 
15 "h is pressad , - Wrat1 "' °» Puff sis. button 13a a™.. 

P™ 8 ™ » second tins to «».™ ( . Button 
Pr~..lect.d anount of .it JL ttgl " ""PM-or « „«, a 
■"•liver* to snit 40 to" si^ C ° nSt " t PrMeu " *■ 

•»tto» (Fig. M) through. £ .. Cb ° abeI « ««» th. 
*° «"udy, observable T! " ^ st <* ««in, «. aM , 

» , S ^"cttatT^/LtT " U " 1Ud - *■ 
function of th. nicronrJ »y th. tiMr 

* tares. Wvm TZfJ^T** »" *> • breath 

«*« th. lungs and tQ *" to >«-lt th. puff to 
»ter th. chanber fro. ^ bott „ l ' *«1« air to 

». v. 1UM tTic ^ToTch^r 94 coMuit 

' th. capacity of the pat „J £*« " 10 * & ««'» 
«0 al to wo. „i, typical", T. MUally f ™» 
th. patient „, U 5 °° Elation by 

~oicam«,t into the lunos ^ ° *™ of 

to th. c^bar wlu typi^f' 'I"" ° f — « trans' 

^ throuS 'iv. » T " * *° "° «" the 

to drive th. „ Utr volun oVa Jirr "? " " * U 
lungs. Th. botton to top filil" T " iM ° *** 
«uu" in . .inlaun of dTsoer., VertlMl "« P"tarn 

aispersion and diiution of the aerosol. 
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sw^is, of ch^ber 50 vlth air after e.ch 

» each b0l " S ' 

« into „» miMt ,„ , outh :Lt:ir t n zzrz 

"1 *° ne -» il ' »*«• « -» be ^ to prevent th. patient 

fig. 6A-6D show illustrations of the seouence o£ 
^J^etlo. aoo wltharaw.1 frM t*. aeros^IT 

The following examples are offered by way of 
^ illustration, not by way of limitation. 
- „ . EXPERIMENT, 

neeole va!vf ."^^ """" « ' 

20 , ^ resolution of o.Ol second. 

Victoria, " RaPld - P1 °" fA1 — ' ~ 

Fig 7) JT^ DlSPerSSr " A VentUrl (M ^trated in 
Fig. 7) having a 0.013 inch dlaiBeter jet no22le 

25 with in- B ° lding ChaffiberS - fabricated from pi as ti c 

« with internal volumes of 7«sn *i ^ . F 1C 

=°*»»er with sohe^T, ! 90 1 " 3 " lBCh <*""*i«l 

b.s.. j « i°: r ^ ° m s °- « *. 

=ide ( as lllustrat <T " 
cbaeber with apherill too J ^ ~ °" " M "* 

30 spacer Xocte, llu y alonol. °T " ' * ^ ^ lnflriMl 
bow- y along center of the chamber. Three 

boS.. V. ,T! ° ylln,fri ' a ' 1 with spherical top L 

bottoa; a 2-1/2 l„ch heslsphcrlcsl baffl. „.i* <- «. 
35 the chamber with a ™a ! ! " in "™ center ot 

inches abovslh" basTo, T J ■»««'— >* ' 

intake: „. \^Tth. T ^ " 

.. * e ' "outhplsce: 45> -port st the too 

0lr t„,estlsl port o„ th. slot ,ss 
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illustrated in Fig m ^ t 

with spherical top 'and W* * ' chamber 
*«le located 2-^4 LcTl L" ^ ^ he » is -*~^ 
illustrated in «g "~ ^ - - cone (as 

or the t^,'' m « «*■ b <»° tor th. aeroaol 

"taster connected to the .ouhT,' M vlt * » 

»- pre.™. M . M ««h the n.edl. v.lve. 

" ™ 18 ^ 1» the of the. 11, " * ° ««»• 

the aerosol generator, n» JJ^.' °" """^ loaded Into 

=«~Un, eir through the .erot, th " M1 ™>" valve 

20 — «• obeervJt.«ll t !*r ,t0r Pr0dUCl »» 

holding ch^ an , 1^ ott^t 1' °" — « ta - 
«o» ont of the chanber -mV . amK1 b *»™ to 

aerosol „ tn. „o^ cn^Taet 11 ,™''"" " 
" °» opting period on tneUeT.^ lM " By ad3 " st1 "' 

listed ebove. Tte .„ " ' aM ""Wtin, toe step. 

™s connected to the holdloTi ^ 0p<S "- A "ouu. li M 
door th. chafer or tte^L^t, " aCtM "'"' t= 

" * 0.9* selin. bat0r,, "*-«». . g .i„. 

"".rent hold^ cntL ' ,7 ™ *» '"'in, the 

resulted 24 paig r ^n ir.rr "* " » "in 
«» powder dW~ *** nebuliser. 

» Psi, which rJL, i„ ^ T** " * ™ or 30 

~- ^^.tei/^vL:'^ t,,rou5,, *■ 

■Pray drying a soiution of JLtol « J^"' *» 
»» loaded into the v^ori^. Jf^ 1 "' "™ *ihuein # 

e and the solenoid valve »> 
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fro. to. c^JT"; ™* Sl " «^tio„ .easur.d 



10 



15 



20 



25 



t,. ^L™rCt ' d ^ ~ calculated 

proportion J 5 tlM Md tot >l alrflov. a, 

" r0S01 «*- t. to. voluo. ot toe on**« 

too aorosol CaL v f * d6Sl9M for 

aerosol. retained a larger volume of 

TABLE 1 

Aerosol OgjbBM Efficiency for several 
Holding Chamber Designs 



Aerosol 
Volume 



— Nebulizer . 

* of Increase 
Chamber over 
Volume 



Powder Disperser 

* of Increase 
Chamber over 
Volum e base 



Aerosol 
Volume 



30 



35 




10 



15 
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fisastaaiaai 

desired to induce vor^LTTl °* aer ° fl01 * A ° ha » be * 

tangential aero 801 ZZTt < ln «^ by a 

aerosol *ore^ lv Tl " ^ bttffle8 dist ^es the 

aouthpiece IT> . ° haaber Wlthout lo « «*■ the 

piece * Por «se with a nebulizer » , , 

produces * m„v ■ Llzer ' a vortical airflow 

- r ™r: tirr? in - — - 

"■ult. witt the powder 101 Th. 

fflbo ^ It 3h„ W b. uMerstood that th. preferred 

skilled in the ert w^h .. " U,y 00011 to <*°» 

« *- ^Z IZ £ - °» -P. - spirit 
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5 oo^an,, ^««ion by a patient. Mld „ ethod 

^ volim. of ,.. to pr^,,. ^ dOM; 

whereby ,ir i nltially p^^T**™' " opw """thpl^, 

without substantial wTL? U 

« within the cha*J thr ° U9h — a*— 

-0* by weight of ZTT," " *' - — *• « 1—t about 

U2ed -"aP-naed within the oha»b«. 

• rr * in J ™?zv:?:^Tj?L*^ r 

» 1" the ran,, fro. lo nl to 75. a, ™ 4 r o1 — 

1 from 1 /uo to 5 /im. Flexes ^ fche eize ^ 

— ^rpo-^r.^^ 

1= Papers* oy^dl 1 " *' t 

^ erree/i, ^^J^t*'^ «* «Xocity 

eedicanent contained H ! Ch " ber ™ 

. a within the dumber by an Interna! baffle. 
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8 « A method as in claim i v 
i» dispersed by nebuu.mo . ,, . 10 «■*««■* 

«™r in a vortical pattern. 
P«ti.nt. .aid ..o,,,,, co.pri,^. 

oeroeoli.ed doee; *™ to P™*>ce , singi. 

» the e.rosoUzed'CSo' T^""* ** »•»- « 

-»» air initial T"' " ^ — 

without substantia! 1<T. T f? ChMber ls «sf>l««d 

« -ithin the cnXT ^ °» «*••-. 

» Member th^oh l ^ l ^ th ° , 1 the "« *- <*- the 

a desired total dosage of the .edicts. 

" - * »l£ e f r^r^U 10 ' *~ U " 1M " — 
rewlw eero.oli.ed ,„/. '"•"vered the cheeher 

<>"«<» «d suspended within the clubber. 

i. in the ran,. trTuTu TmX " " ~ 

is ^Persed'in^"^ £ ^ «» t 

te» 1 so to 5 Psrtioles in the eire rang. of 

«• A method ee In olai« i, ,. 
oompri.es e protein 

active aaent ' 61:6X11 the medicament 
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velocit. * " Bth0d " 11 Cla " 15 - the high 

velocity air atreaiI u Jrt,.^ , " 5 ° 

the e.aieaaent is contains " l.K ! ^ 

baffle, ami wherein !, * ^ *" Internal 

10 the »o„^p"l ""^ ^ " dl ^ nt — heme to 

• -dicent sa^lT *" «—»*•- of 

r ' said apparatus comprising: 

eeoicaaentTa" llLT'T^ ' — * of the 

ln a predetermined volume of air- 

" «ethpiec.; ^ ~ ™ bie " t ^ ^" « • 

volume of a""li'Z ff^' the entire 

the c ha l r r ' ^ fr °° *** —U-* -ene to 

-outhpiec. or within the^er ^ °" 

3s r ^Vthrr-nt'cr; rzr - 
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*eans directs the aerosol axiall^J T K 
internal baffle contain* *kT 5 6 Chamber 80(1 <*e 

5 ««. a region ^^J^T ^ ™ 

^ansfomlng means and the baffle. 

tranafarrt™, -ana and thl" ffl ' 1 «• 
«-l««nt part th. Ufa." a " blent t to sweep 

23 

U hll.pherica! " * Vlwrel » to. b.m. 

» t™«errl^ ' «*- «-Po«d towarO th. 

24- An apparatus as in ciaJ* 10 
for aerosolizing the aedicaaent colw ^ —** 

«d a nebuli 2er for introdZf ^ ^ a ***** reservoir 

0 of the aedicaaent l^ Z^" ~ «~. 

25. An apparatus as in c la,» ™ w 
has a generally cylindrical inter^ , ^ ^ Chanber 

aerosolized aedicaaent af* t receives the 

1 "ow is established, S^Z^T " ^ » 
enters at one end of the ItlL ae ">*>"*ed -edicaaent 
other end. and «» »outhpiece is at the 

a spacer 6 *^ d^oCaxln T" ~' «- — «~ 
the vortical flow pattern " t0 ^ ^tablish 

27. An apparatus as in clai™ , a w 

has an internal voluae in th a ,7 ' * herein 1116 ch aaber 

"»o in the range froa 100 al to 750 al. 

28. An apparatus as in cla,™ , Q v . 

end of the chamber as the 
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* W inches r^!^" ^. 0UJ " *™* «» •* 
Prevent, outflow. ""^ Pan,,lts — 

, . — £ i~ tssr — - 

■"ic^ant fro. toe ° f " iBI,erSM 

-fin., an intern.! flT" 1 "~' " her * ln *— 

™«r u Doing fi i led wltn mealoaMn( ._ 

.^o.o^Ctn.^l? 3 . 1 " CU1 " *— «- 
™«rvoir M J"\ol T CO " Prl " S * 

~- .ntoTn^rrrii 5 "" 1 ^ ~ - - 

an internal baffle ^l!^ 1 " 5 ^ fUrther prising 

> -eans directs tL herein the transferrin 

directs the aerosol axially within +u . rring 

eternal baffle contains th« ! ,f ^ Chanbar Md the 

Within a region beC T^^TT ^ ^ 

the transforming means and the baffle. 

^ inlet iTdC^tn^tUn Clai ° ^ *■ ^i-t 
transferring meals andtetffl e ? «» 
^thpiece will . : rr Z±e ' ******* Elation on the 

medicament past the baffle. * ""^ ^ t0 

sweep 

t™.^ ^. " — « SUrf -« toward the 
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«... 35 ' ** apparatus as i» , 

fr «erosoU«i^ the eedieaeent oJL , ' 0,8 
«* a Mbulirer (or ,„ZTT a liquid reservoir 

Mroso llte d .ediement at , ' nterIor aM "ceive* the 

«ow pa^ vl ? 5MUal « that the 

-"diee^nt 6 „ tare at one ~ ^ """"^ tte «roeoli*ed 
" ^ s a ^ the other end. chamber and the mouthpiece 

- a 8p , 0 L\ * — r^^ -- J». Wherein the ch„her 
u <*e vorticel no. pattern. el " tta h « 1 >> 

*" « intern,,*" - 1» oieie 30, wherein th . 

UrM1 TO1 '- e in °» ™* ero. i^o el t0 75 T.r hMter 

20 * on"^^ 1 "^ . the .ir 

eedieeeent J£ T ""^ *" "» 

tt - *— wth .ZT^lliZT™ l " pit * tion 

outflow. * pon,lts tn'lo. and 

M • -caJt 1 ; i~ — do.. ot 

^ 

— -* the .eCii?^"- « — 

-"Ui.: 0 rr in5 r- 

unc °* pressurized ma . 

gas delivered to the 



10 



15 



WO 93/00951 

FCT/US92/05621 

28 

medicament to the chamber aay be effected. 

i eon^i, " ' ^ aPParatUS M ** clai » herein the 
controller includes means for timing actuation of the 
pressurized gas delivering means. 

cent™,, apParatUS " *» 41, wherein the 

controller xncludes means for counting and displaying the 

number of doses delivered to the chamber. 
control!.,- 44 ' ^ aPParatUS 88 in cla *» «. wherein the 
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FIG 2 
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